APPENDIX VI THE TETRAZOLIUM-REDUCTION TEST F. R. WESTWOOD TETRAZOLIUM SALTS have been used mainly for the localization of dehydrogenases in tissues. Quantitative tetrazolium methods have also been used to study the activity of tissue slices (Myren, 1960) , tissue sections (Glick and Nayyar, 1956) tissue homogenates (Hopsu and Harkonen, 1959) , cell suspensions (Fahmy and Walsh, 1952) and mitochondrial suspensions (Nordmann et al., 1951; Shelton and Schneider, 1952) . Iversen and Evensen (1962) measured tetrazolium reduction in mouse skin using a method based on acetone extraction of formazan and photometry, in an attempt to distinguish between carcinogens and non-carcinogens. A good correlation was shown to exist between the amount of tetrazolium reduction and the carcinogenic potency of the compounds under test. A number of chemicals were tested in the same manner by Ben and Valentini (1965) . Their results indicated that the testing method could distinguish between carcinogens and non-carcinogens.
A modified tetrazolium-reduction technique was used to extend the work of Ben and Valentini to a study of 120 organic chemicals.
MATERIALS AND METHODS
Animals.-Male white Swiss derived mice of Alderley Park strain were used in all experiments.
Standard procedure for tetrazolium chloride incubation.-This procedure was modified from that of Iversen and Evensen (1962) .
Seven drops (,-0.2 ml) of solution of the compound in benzene were applied to the clipped dorso-lumbar region of each animal. Mice were killed by cervical dislocation 2 days after application of solution, and the painted area of skin clipped and removed, taking care that no fat was adherent. The skins were pinned loosely on paraffin wax, in dishes, 10 per dish, and protected from the light by aluminium foil. A solution of 1% 2,3,5-triphenyltetrazolium chloride (TTC) in M/15 phosphate buffer at pH 7-2 was poured over the explants and incubated at 37°C for 70 min. The incubation medium was then poured out of the dishes and replaced by a solution of 1% aqueous acetic acid at 4°C. Skins were taken from the acetic acid solution 24 h later and the epidermis separated from the underlying tissue with a pair of curved forceps. A small piece of this epidermal tissue was placed in 10 ml acetone and kept in the dark for 1-2 days.
The optical density of the acetone solution of extracted formazan was measured at 480 nm, with a Unicam SP 500 spectrophotometer, against an acetone blank. The epidermis was dried at 900C for 12 h and weighed. The ratio of optical density to dry weight of tissue was calculated. Significance of differences between treated and controls was estimated by a 2-tailed t test. A probability of difference of more than 95% (P < 0 05) was considered to be significant.
Variability of control estimations.-Fifty mice 6-8 weeks old, and 50 mice 12-15 weeks old were painted with 7 drops of benzene 2 days before skin incubation. Five incubation dishes, each containing 10 strips of skin, were used. The amount of formazan deposition was estimated in each skin.
Evaluation of method with 118 compound8. The influence of time on the response of skin to 20-methylcholanthrene was studied to ascertain the optimal time after painting for formazan deposition. Seven drops of 1 % solution of 20-methylcholanthrene in benzene were applied to the clipped dorso-lumbar region of the skin of 40 animals. A further 40 animals were similarly treated with benzene. On Days 1, 2, 3 and 7, 10 test and 10 control mice were re-clipped and the skin incubated in TTC by the standard method. From the results (Table VI. 2) it was decided that the optimal time for sampling skin after treatment was 2 days.
Solid (Oda, 1960) . The amount of formazan deposed is directly proportional to the oxygen consumption of the tissues or cells (Iversen, 1963) . The above is true only if there is excess tetrazolium present in the cells during incubation; the tetrazolium or resulting formazan does not, itself, influence the cellular respiration in a decisive manner, provided that the cells are not severelv damaged (Iversen and Evensen, 1962) . Iversen and Evensen used a strain of hairless mice in their experiments with the tetrazolium method. In this study albino Swiss mice were used. The results from mice 6-8-weeks-old, which were normally distributed differed from those from 12-15-week-old mice. This difference could be due to an increase in variability of the amount of dead and cornified material in the skin of older mice, which would alter the OD/dry weight ratio. The phase of the hair cycle could also contribute to the variability in results, since 6-8-week-old mice are in the quiescent phase of the cycle but 12-15-week-old mice are in the active phase. Finally, older mice are more prone to fighting, causing damage to the skin and so introducing variation. Thus, though the use of hirsute rather than hairless mice could produce differences in tetrazolium reduction these have been reduced by using 6-8-week-old male mice.
